presses high levels of ␤-catenin/LEF-1 [8] . Because issues surrounding the ability of polyamide compounds to enter the nuclei of cells have been raised [7] , the uptake of polyamides by DLD1 cells was tested. A model polyamide (2B) labeled with a fluorescein tag was prepared, and DLD1 cells were treated with this compound under a variety of concentrations and conditions. Fluorescence microscopy showed that effective uptake occurred at 100-150 M concentrations (Figure 3 ). Polyamide 2B was taken up into the cytosol and, more importantly, the nuclei of DLD1 cells, which suggests that unmodified polyamides should have access to the nucleus.
The differences in gene expression in DLD1 cells treated with polyamide 1 were examined 16 and 48 hr after treatment and over a concentration range of 30-120 M ligand 1 via Affymetrix U95A high-density oligonucleotide arrays containing probes for more than 11,000 genes ( Table 1) . Gene expression analysis reveals both downregulated and upregulated genes. In general, we observe related time and concentration dependencies for a subset of downregulated genes, suggesting that primary events involving transcriptional antagonism control their differential regulation. The majority of the upregulated genes appear later in time or at the highest concentrations of polyamide, suggesting that their induction is downstream of the primary transcriptional disruption.
Interestingly, the expression levels of the target gene CD1 do not appear to be affected. Rather, mRNA profiling data suggest that other genes within the transcriptome are more susceptible to polyamide 1. Genes displaying 3-to 6-fold downregulation include signal transduction genes such as tyrosine/tryptophan 3-monooxygenase activation protein, epsilon polypeptide (YWHAE or 14-3-3 ⑀ protein), and a protein kinase C analog. Hydrolases, including epoxide hydrolase 1 or treatment with DNA-damaging agents; their behavior is opposite to what might be expected from the introduc-To analyze the transcriptional effects of polyamide 1 tion of DNA binding compounds. Downregulation of calon a genome-wide scale, we chose the DLD1 colon reticulin, a multifunctional protein that acts as a major Ca 2ϩ binding protein and that has been implicated in cancer cell line for study because it constitutively ex- 
bleomycin alone (compared to untreated cells, bleomycin-treated cells had a 50% survival rate). Poly-gression [18] through interactions with cdc25. YWHAE is also implicated in neurodegenerative diseases such amide pretreatment causes DLD1 cells to be more sensitive to DNA damage agents, probably by downregulating as schizophrenia [19] and cancer [18].
In order to test whether these effects were specific DNA damage checkpoint genes. Although the changes in growth (or survival) are not as dramatic as those ob-for 1, we also profiled polyamide 3 (our unpublished data). Although polyamide 3 is shorter and therefore has served in mutants [20] in which DNA damage checkpoint genes are nonfunctional, the 2-to 5-fold changes ob-different sequence selectivity, it was profiled because it was identified in an independent screen of a small served in gene expression do lead to specific, observable cellular responses.
library of 6, 8, and 10 ring hairpin polyamides against the CD1-luciferase assay in HeLa cells (our unpublished
We performed extensive promoter analyses in an effort to identify potential polyamide binding sites linked to data). The TCF binding site ( Figure 1B) in the CD1 promoter contains a 1 bp mismatch of the binding sequence transcriptional regulation. For the approximately 11,000 genes probed by the high-density oligonucleotide for compound 3. Negligible overlap in the differentially regulated genes after treatment of DLD1 cells with 1 arrays, the genomic sequence 3 kb upstream of the translational start site was searched for all possible versus 3 is consistent with small changes in the polyamide structure leading to large differences in their effect binding sites of 1 (5Ј-WWGWWCWW-3Ј, W ϭ A or T). We identified 37,380 sites with an average of approximately on transcription.
To determine the effects of 1 on DLD1 cell prolifera-three sites per 3 kb promoter. Several of the downregulated genes have a larger than average number of bind-tion, we performed 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, ing sites in the 3 kb promoter regions. In order to try to determine whether there are common transcription inner salt (MTS) colorimetric assays for mitochondrial function (Promega, Madison, WI). Cell growth increased factor binding sites within the promoter regions of the downregulated genes, we used the AlignACE and Scan-by approximately 20% at concentrations Ն120 M in a dose-dependant manner. Previous studies in fission ACE algorithms designed by the Church group [21] to perform pattern searching. We searched for conserved yeast have shown increased growth rates and enhanced sensitivity to DNA damage when a homologous gene to sequence motifs in various clusters of downregulated genes as well as for isolated sequences containing each YWHAE is mutated and the DNA damage checkpoint is subverted [20]. In our case, enhanced growth rates may polyamide binding site flanked by 30 base pairs on both 
The unigene (UG) accession numbers for each gene downregulated by the corresponding polyamide is listed as well as the TransFac site identifier. The distance (8 bp or longer) between the binding sites is reported in the distance column and represents the distance between the first nucleotide (5Ј) of each. The position of the polyamide binding site is reported in the position column and is relative to the translational start site (ATG).
the 5Ј and 3Ј sides. In both analyses, no common pat-database (BioBase) for all experimentally determined transcription factor binding sites within human genes terns were found other than those consistent with the polyamide binding sites. Pattern searching, with the to identify proximity relationships between them and polyamide 1 binding sites within the promoter regions AlignACE and ScanACE algorithms [21], did not identify homologous sequences consistent with a common of the downregulated genes. We searched for unique proximal pairs of polyamide and transcription factor binding motif (other than that for 1) within the promoters of the downregulated genes. This suggests that the binding sites 8 bp or longer in the promoter regions of the downregulated genes as opposed to the approximately genes are downregulated by independent mechanisms involving antagonism of a number of different transcrip-11,000 other genes represented on the high-density oligonucleotide arrays (results for downregulated genes tion factors.
Polyamide binding sites close to or overlapping with are given in Table 2 ). Searches were limited to consensus sequences 8 bp or longer because shorter se-known transcription factor binding sites are likely to be relevant with respect to transcriptional antagonism. quences occur too frequently on a genome-wide scale. The results are indicative of possible interactions that Therefore, we mined the TransFac Professional V 5.2 lead to transcriptional antagonism. On a genomic level wide effects are related to polyamide identity, structure-activity studies on a genomic level may provide we identified several transcription factor binding sequences that directly overlapped with polyamide bind-generalized rules for regulating gene expression with these molecules. A combination of cellular and geno-ing sites such as WT-1, SF-1, AR, HNF4␣, B, E, LEF-1 , and URE. Unfortunately, nothing is known of their mic screens of libraries of polyamides of different sizes and sequence may help to elucidate these rules, which involvement in the transactivation of the genes we see downregulated.
should facilitate their use in cell biology and as potential therapeutics. In order to evaluate our proximity-searching algorithm, we investigated representative promoter regions of genes that are downregulated by 1 and whose tran- tional regulation mechanisms, predicting which genes as described previously [26] , with the exception that the arrays will be affected by polyamide binding may, in general, were hybridized at 50ЊC for 16 hr. GeneChip hybridization data were processed and scaled as described previously [27, 28 ].
be a difficult task. Moreover, because the genome-
